AD 


GRANT  NUMBER  DAMD17-97-1-7332 


TITLE:  Conference  on  Current  Issues  of  Chemical  Mixtures 


PRINCIPAL  INVESTIGATOR:  Raymond  S.  Yang,  Ph.D. 


CONTRACTING  ORGANIZATION:  Colorado  State  University 

Fort  Collins,  Colorado  80523 


REPORT  DATE:  November  1998 


TYPE  OF  REPORT:  Final  Proceedings 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  public  release; 

distribution  unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


BTIC  QUALIFY  mrn^mTED  8 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  ie  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1216  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20603. 


1 .  AGENCY  USE  ONLY  (Leave  blank I 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  DATE 

November  1998 


Conference  on  Current  Issues  of  Chemical  Mixtures 


3.  REPORT  TYPE  AND  DATES  COVERED 
Final  Proceedings  (1  Jul  97  -  30  Sep  98) 


5.  FUNDING  NUMBERS 
DAMD17-97-1-7332 


6.  AUTHOR(S) 


Yang,  Raymond  S.,  Ph.D. 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 


Colorado  State  University 
Fort  Collins,  Colorado  80523 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


1 1 .  SUPPLEMENTARY  NOTES 


10. SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


19990125  042 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 
Approved  for  public  release;  distribution  unlimited 


12b.  DISTRIBUTION  CODE 


Between  1 1  and  13  August  1997,  a  conference  on  Current  Issues  of  Chemical  Mixtures  was 
held  and  hosted  at  Fort  Collins,  Colorado,  by  the  Colorado  State  University  (CSU)  and  the  National 
Institute  of  Environmental  Health  Sciences  (NIEHS)  Superfund  Basic  Research  Program  (SBRP). 
Other  sponsors  of  the  conference  included  the  Agency  for  Toxic  Substances  and  Disease  Registry 
(ATSDR),  the  U.  S.  Environmental  Protection  Agency  (both  the  Office  of  Solid  Waste  and  Emergency 
Response  and  the  Region  VIII  Office),  the  U.  S.  Army  Center  for  Environmental  Health  Research, 
and  the  Electric  Power  Research  Institute  (EPRI).  Over  160  participants,  coming  from  Canada, 
France,  Germany,  Japan,  Mexico,  the  Netherlands,  Norway,  Sweden,  and  the  U.  S.,  are  scientists, 
engineers,  policy  makers,  and  individuals  with  a  profound  interest  in  the  issues  related  to  hazardous 
waste  disposal  and  contamination.  The  Conference  consisted  of  six  sessions:  (1)  Overview  of 
Human  Health  and  Regulatory  Problems  Related  to  Chemical  Mixture  Exposures;  (2)  Biomedical 
Advances  on  Chemical  Mixtures  I;  (3)  Biomedical  Advances  on  Chemical  Mixtures  II;  (4) 
Methodological  Advances  on  the  Toxicology  of  Chemical  Mixtures;  (5)  Ecological  and  Engineering 
Advances  on  Chemical  Mixture  Research;  and  (6)  Risk  Assessment  Issues  Related  to  Hazardous 
Waste  Chemical  Mixtures.  v  - 

147SUBJECTTERMS  “  -  115.  NUMBER  OF  PAGES 

_ 5 _ 

16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  Unclassified  Unclassified  Unlimited 


NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 
Proscribed  by  ANSI  Std.  Z39-18  298-102 


USAPPC  VI  .00 


foreword 


those °of '  ttotaSjSra^n^aC°ng1U*i°n*  “d  "commendations  are 
Army.  *  ***  ara  not  necessarily  endorsed  by  the  O.S. 


Where  copyrighted  material  is  • 

obtained  to  use  such  material.  quoted'  Permission  has  been 


Lasirtaa  f“ 

material.  '  permission  has  been  obtained  to  use  the 

5=  report  °do  ‘»da  —  in 

endorsement  or  approval  of  t-v,  .  icial  Department  of  Army 
organizations  °f  th*  Produota  «  services  of  these 

adhered  the  *"««««(•, 

Animals."  prepared^  the  “d  °£  Lab««ory 

Animal,  of  the  Institute  o^  ^o  !  “  0are  “*  uaa  <*  laboratory 
Research  Council  (NIH  PublicatioTS^^r^isSl^. 

^rert^o?”j:ror.pii^aa^rL^a4^«jat«<a> 


the  investigators )  'adhered  "tiliainff  «=ombinant  DMA  technology, 
the  Nationaiainstit«tea*ofdHealth?r0nt  9"iaali“a  P^Pated  by 


EHP  NIEHS  RTP  NC  9195410273 

lUbSb  P£-rt  1  1998/11/23  4i47  PM  Page  VII 


11/24  '98  10:18  NO. 099  02/03 


Current  Issues  on  Chemical  Mixtures 

Preface . . . . . ... . . . . . . . 

Raymond  S.H  Yang  and  William  A  Suk 

Overview  of  Human  Health  and  Regulatory  Policy  Issues  on  Chemical  Mixtures 

Human  Health  and  Chemical  Mixtures:  An  Overview . . . . . . . . 

David  0.  Carpenter,  Kathleen  F.  Arcaro,  Brian  Bush,  William  D.  Niemi,  Shaokun  Pang,  and  Dilip  D.  Vakharia 

Public  Health  Challenge?  Posed  by  Chemical  Mixtures . . . . .. . . . . . . 

Huffs  Hansen,  Christopher  71  De  Rosa,  Hana  PohL  Michael  Fay,  and  Moiz  M.  Mttmtaz 

Toxicology  of  Chemical  Mixtures:  Internationa]  Perspective . . . . . . . 

Victor  J.  Feron,  Flemming  R.  Cosset,  and  John  P,  Groten 

Maximum  Workplace  Concentration  Values  and  Carcinogenicity  Classification  for  Mixtures  . . . . 

Rudiger  Bartsch,  Stephan  Forderkunz,  Ulrike  Reuter,  Heidrnn  Sterzl*Ecken,  and  Helmut  Gram 

Biomedical  and  Methodological  Advances  on  Chemical  Mixtures 

Commentary:  Current  Approaches  toward  Chemical  Mixture  Studies  at  the  National  Institute  of  Environmental 

Health  Sciences  and  the  VS.  National  Toxicology  Program . . . . . . . . . . . . . . . 

John  R.  Bucher  and  George  Lucier 

Environmental  Complex  Mixture  Toxicity  Assessment  . . . . . . . . . . . 

Henry  S,  Gardner  Jr.,  Linda  M.  Brennan,  Margaret  W.  Toussaint ,  Alan  B,  Rosenerance,  E.  Maxine  Boncavage-Hcnnessey, 
and  Marilyn  J.  Wolfe 

Role  of  Tissue  Repair  in  Toxicologic  Interactions  among  Hepatotoxic  Organics  . . . . 

Madlntsudan  G.  Soni  and  Harihara  M.  Mehcndale 

Interactive  Toxicity  and  Stress  Protein  Expression  by  Vinyiidene  Chloride  and  Monochioroacetate  in  Precision-Cut 

Rat  Liver  Slices . . . . . . . ..... . . . . . . . . . 

JayanthikdWijeweera,  Jdy  Gandolfi,  and  Xing  Hui  Zheng 

Tumors  and  DNA  Adducts  in  Mice  Exposed  to  BeruoMpyrenc  and  Coal  Taw:  Implications  foe  Risk  Assessment  , . 

Lawrence  S.  Goldstein,  Eric  H.  WeyandL  Stephen  Safe,  Michael  Steinberg,  Sandra  J.  Culp „  David  W.  Gaylor , 

Frederick  A  Bcland  and  Lewis  V.  Rodriguez 

Medium-Term  Bioassays  for  Carcinogenicity  of  Chemical  Mixtures . . . . . . . . . 

Nobuyuki  Ito,  Katsumt  Imaida,  Masao  Hirose,  and  Tomoyukt  Shirai 

Lung  Tumongemc  Interactions  in  Strain  A/J  Mice  of  Five  Environmental  Polycyclic  Aromatic  Hydrocarbons . 

Stephen  Ntsnow,  Marc  J,  Mass,  Jeffrey  A  Ross,  Anthony  J,  Galatt,  Guy  R.  Lambert,  Chris  Genninp,  Walter  H,  Carter  Jr„ 
and  Gary  D.  Stoner 

Comparative  Estrogenic  Activity  of  Wine  Extracts  and  Organochiorine  Pesticide  Residues  in  Food  . . 

Kevin  Gaido,  Linda  Dohme ,  Fan  Wang  Ichen  Chen,  Barry  BUnkvoon .  Kavita  Romamoonhy,  and  Stephen  Safe 

Estimation  of  Toxidcy  of  Chemical  Mixtures  through  Modeling  of  Chemical  Interactions . . . . 

M.M,  Mumtaz,  CT  DeRosa,  J.  Groten ,  V.J,  Feron,  H.  Hansen,  and P,R.  Durkin 

Statistically  Designed  Experiments  to  Screen  Chemical  Mixtures  for  Possible  Interactions  . . . . . 

John  P,  Groten,  Osamu  Tajima,  Victor  J,  Feron,  and  Eric  D.  Schoen 

A  Nonlinear  Isobologram  Model  with  Box-Cox  Transformation  to  Both  Sides  for  Chemical.  Mixtures . . . 

Ding  G-  Chen  and  Joel  G,  Pounds 

Mixture  Design  and  Multivariate  Analysis  in  Mixture  Research . . . . . . . . . . 

Inguar  Eide  and  Hanne  GreiffJohnsen 

Physiological  Modeling  of  Toxicokinctic  Interactions:  Implications  for  Mixture  Risk  Assessment . . . . . . . 

Sami  Haddad  and  Kantian  Krishnan 

Approaches  to  Developing  Alternative  and  Predictive Toxicology  Based  on  PBPK/PD  and  QSAR  Modeling . . . 

Raymond  S,H.  Yang  Russell  S.  Thomas,  Daniel  L  Gustafson,  Julie  Campain,  Stephen  A  Benjamin,  HenkJM.  Verhaar, 
and  Moiz  M.  Mumtaz 


1261 


1263 

1271 


1281 


1291 


1295 

1299 

1307 

1319 

1325 


1331 


1337 


1347 

1353 

1361 

1367 

1373 

1377 

1385 


EHP  NIEHS  RTP  NC 


9195410273 

t-age  vm 


11/24  '98  10:18  N0.099 


03/03 


Contents, 


Ct'JI  ilif  MjCu 


Ecological  and  Engineering  Advances  on  Chemical  Mixtures 

Molecular  and  Genetic  Ecotoxkologic  Approaches  to  Aquatic  Environmental  Bioreporting . , .  1395 

Barry  f.  Beaty,  William  G  Black,  Jonathan  O.  Carlson,  William  H,  Clements,  Nancy  DuTeau,  Elizabeth  Harraby,  Jay  Nuckots, 

Kenneth  £  Olson,  and  Alfredo  Rayms-Keller 

Altered  Biologic  Activities  of  Commercial  Polychlorinated  Biphenyl  Mixtures  after  Microbial  Reductive  Dechlorination .  1409 

Mahmoud  A.  Mouse,  Patricia  £  Ganey,  John  F.  Quensen  III ,  Burra  V,  MadJrukar,  Karen  Chou,  John  P.  Giesy, 

Lawrence  /  Fischer,  and  Stephen  A  Boyd 

Using  Metal-ligand  Binding  Characteristics  to  Predict  Metal  Toxicity:  Quantitative  Jon  Character-Activity 

Relationships  (QICARs) . . . . . . . . , .  1419 

Michael  C  Newman,  John  T.  McCloskey,  and  Christopher  P,  Tatars 

Geno  toxicity  of  Bioremcdiated  Soils  from  the  Reilly  Tar  Site,  St.  Louis  Park,  Minnesota  . . . . . .  1427 

Thomas  /.  Hughes,  Larry  D.  Claxton,  Lance  Brooks,  Sarah  Warren,  Richard  Brenner,  and  Fran  Kremer 

Bioassay-Direoed  Fractionation  and  Chemical  Identification  of  Mutagens  in  Bxoremediated  Soils  .  1435 

Lance  R.  Brooks,  Thomas  J.  Hughes ,  Larry  D.  Claxton,  Barry  Austem,  Richard  Brenner,  and  Fran  Kroner 

Modeling  the  Chemistry  of  Complex  Petroleum  Mixtures . . . . : . . . . . . .  1441 

Richard  J.  Quarm 


Model  Validation  Concepts  and 
Their  Application  to  Lead  Models 


Preface . . . . . * . . — - . . . . . . . . . . . . . . 

Lester  P.  Grant,  Robert  W  Elias,  and  Allan  H.  Marcus 

Evaluation  (Not  Validation)  of  Quantitative  Models  . . . . . . . . . 

Naomi  Oreskes 

Historical  Perspective  on  Lead  Biokinetic  Modeb . . . . . ■ . 

Michael  Rabinowitz 

Uses  and  Limits  of  Empirical  Data  in  Measuring  and  Modeling  Human  Lead  Exposure  . . . . . . 

Paul  Mushak 

Predicting  Blood  Lead  Concentrations  from  Lead  in  Environmental  Media . . . .. . . . . . . . . 

Kathryn  R  Mahajfey 

A  Physiologically  Based  Kinetic  Model  for  Lead  in  Children  and  Adults  . . . . . . . . . 

Ellen  J.  O'Flaherty 

The  ICRP  Age-Specific  Biokinetic  Model  for  Leadi  Validations,  Empirical  Comparisons*  and  Explorations  . . . . 

Jod  Gm  Pounds  and  Richard  W.  Leggett 

The  Conceptual  Structure  of  the  Integrated  Exposure  Uptake  Biokinetic  Model  for  Lead  in  Children . . . . 

PaulD.  White,  Patricia  Van  Leeuwen ,  Barbara  D.  Davis,  Mark  Moddaloni,  Karen  A  Hogan,  Allan  H  Marcus,  and  Robert  W.  EUas 

Structure,  Use,  and  Validation  of  the  IEUBK  Model  . . . 

Marlin  H.  Mickle  •■••••—*.  . . . . . 

Measurement  Error,  Biases,  and  the  Validation  of  Complex  Models  for  Blood  Lead  Levels  in  Children . . . . 

Raymond /.  Carroll  and  Christian  D.  Galindo 

Some  Useful  Statistical  Methods  for  Model  Validation  . . . . . . . titii . . 

Allan  H  Marcus  and  Robert  W.  Elias 

The  Integrated  Exposure  Uptake  Biokinetic  Model  for  Lead  in  Children:  Independent  Validation  and  Verification  ......... ....... 

Larry  Zaragoza  and  Karen  Hogan 

Integrated  Exposure  Uptake  Bioldnecic  Model  for  Lead  in  Children:  Empirical  Comparisons  with  Epidemiologic  Data 
Karen  Hogan,  Allan  Marcus,  Roy  Smith,  and  Paul  White 

Blood  Lead  Slope  Factor  Modeb  for  Adults:  Comparisons  of  Observations  and  Predictions . . . . . . 

TcresaS.  Bowers  and Joshua  T  Cohen 

An  Empirical  Comparison  of  Lead  Exposure  Pathway  Modeb . 

Paul  Succop,  Robert  Bamschein,  Katie  Brown,  and  Chib-  Yu  Tseng 

Roles  of  Lead-Binding  Proteins  in  Mediating  Lead  Bioavailability . . . . . . 

Bruce  A  fowler 

Bioavailability  of  Soilborae  Lead  in  Adults,  by  Stable  Isotope  Dilution . . . . . . 

Mark  Maddaloni,  Nancy  Lolacono,  William  Manton,  Conrad  Blum  John  Drexler.  andJo^hGra^ano 


1451 

1453 

1461 

1467 

1485 

1495 

1505 

1513 

1531 

1535 

1541 

1551 

1557 

1569 

1577 

1585 

1589 


